BACKGROUND: Pyridoxine is frequently used to treat capecitabine-induced hand-foot syndrome (HFS), although the evidence of benefit is lacking. We performed a randomised placebo-controlled trial to determine whether pyridoxine could avoid the need for capecitabine dose modifications and improve outcomes. METHODS: A total of 106 patients planned for palliative single-agent capecitabine (53 in each arm, 65%/ 35% colorectal/breast cancer) were randomised to receive either concomitant pyridoxine (50 mg po) or matching placebo three times daily. RESULTS: Compared with placebo, pyridoxine use was associated with an increased rate of avoiding capecitabine dose modifications (37% vs 23%, relative risk 0.59, 95% CI 0.29, 1.20, P ¼ 0.15) and fewer grade 3/4 HFS-related adverse events (9% vs 17%, odds ratio 0.51, 95% CI 0.15-1.6, P ¼ 0.26). Use of pyridoxine did not improve response rate or progression-free survival. CONCLUSION: Pyridoxine may reduce the need for capecitabine dose modifications and the incidence of severe HFS, but does not impact on antitumour effect.
Hand-foot syndrome (HFS) is the most common adverse effect of capecitabine, with an incidence of 50-60% (Gressett et al, 2006) , and its occurrence can lead to delay or discontinuation of treatment. Pyridoxine is frequently used to treat HFS, but the evidence of benefit is both limited and controversial (Beveridge et al, 1990; Wiernik et al, 1992; Chalermchai et al, 2010; Kang et al, 2010) . We performed a randomised placebo-controlled trial to determine whether pyridoxine could reduce the incidence of capecitabine dose modifications.
MATERIALS AND METHODS
This multi-centre, randomised, double-blind, placebo-controlled NIHR portfolio phase 3 study was conducted at 10 UK sites. Patients with advanced colorectal or breast carcinoma receiving single agent capecitabine chemotherapy, ECOG performance status 0-2, life expectancy 412 weeks and aged 418 years gave written consent before entering the study, which had research ethics approval. Patients were randomised 1 : 1 and stratified by cancer site (colorectal or breast) to receive either pyridoxine (50 mg) or placebo orally three times daily commencing the same day that capecitabine chemotherapy was initiated. The capecitabine starting dose was planned to be 1250 mg m À 2 administered orally, twice daily, for 2 weeks followed by 7 days rest. Treatment continued until disease progression, toxicity or patient preference. After discontinuation, patients were followed up for 12 weeks.
Efficacy and safety evaluation
The primary endpoint of this study was incidence of capecitabine dose modifications at or before 12 weeks of treatment. Secondary endpoints were the incidence of HFS, quality of life (using the EORTC QLQ-C30 version 3 questionnaire including the modules dedicated specifically to colorectal and breast cancer), response to chemotherapy and progression-free survival (PFS). The incidence of HFS and other adverse events was recorded using the NCI CTCAE version 3.0 every 3 weeks before each chemotherapy cycle and for 12 weeks after completing the last cycle of chemotherapy. Quality of life was assessed before each cycle of chemotherapy and 12 weeks after stopping treatment. Tumour response was measured every 12 weeks using RECIST criteria. Progression-free survival was measured from the date of randomisation until the first date documented of disease progression.
Statistical analysis
The study was designed to recruit 270 patients, to detect a reduction in the incidence of dose modification from 30 to 15% with 80% power and allowance for dropouts. The incidence of dose modifications was analysed using Kaplan-Meier curves and the ratio of modification-free rates at 12 weeks of treatment were estimated using 95% confidence intervals. Response rates at 12 weeks were analysed using logistic regression. Progression-free survival was analysed using Kaplan-Meier curves and the hazard ratio comparing the instantaneous rate of progression estimated. All randomised patients were included in the analyses on an intention-to-treat basis.
RESULTS
Between December 2004 and June 2009, 106 patients (53 in each arm) were recruited at 10 institutions in this NIHR portfolio trial. Slower than expected recruitment rate was due to decreasing numbers of patients being treated with capecitabine as a single agent and caused the study to close prematurely. Demographic comparison of both arms of the study identified no substantial imbalances, with median patient age 73 years, 64% female, 65% colorectal cancer and 93% performance status 0-1 (Table 1) . Allowing for tablet strengths, 55% of patients commenced full-dose capecitabine, 42% started at a modified dose, whereas 3% of patients did not start their planned treatment. Nine patients were excluded from the analysis: three patients never commenced treatment and seven patients had missing data regarding dosing. The remaining 97 patients were included in the analysis: 49 in the pyridoxine arm and 48 in the placebo arm. The median number of weeks on study was 15 for both arms, approximating to five cycles of three weekly chemotherapy. At 12 weeks, 29 patients on the placebo arm and 37 patients on the pyridoxine arm remained onstudy. Table 2 summarises all grade 3 and 4 AEs reported in both arms of the study. The combined incidence of HFS-related AEs ('HFS' or 'rash hand foot skin reaction') showed a trend in favour of pyridoxine use: any grade was 51% vs 53% (odds ratio 0.93, 95% CI 0.43-2.0) whereas grade 3/4 was 9% vs 17% (odds ratio 0.51, 95% CI 0.15-1.6). There were no other differences in AEs between the two arms and no significant differences in quality of life. Summarising the Quality of Life QLQ-C30 using questions 29 and 30 (global health status and overall quality of life) observed on the second treatment cycle gave means (s.d.) of 66.1% (18.3%) and 62.5% (22.6%) for placebo (n ¼ 28) and pyridoxine (n ¼ 30), respectively; further exploratory analyses of different questions, subscales and time points revealed no differences.
At 12 weeks of treatment, the Kaplan-Meier estimate of remaining free from dose modification was 37% for patients receiving pyridoxine and 23% in patients receiving placebo ( Figure 1) ; relative risk ratio 0.59 (placebo/pyridoxine, 95% CI 0.29, 1.20, P ¼ 0.152). Overall, pyridoxine had no significant effect on the objective response rate: 9 out of 46 responders on pyridoxine, and 9 out of 36 on placebo (placebo/pyridoxine odds ratio 1.37, 95% CI 0.475-3.96, P ¼ 0.56), but there was a trend towards pyridoxine decreasing PFS: median PFS durations of 7.4 months for pyridoxine and 9.9 months for placebo, hazard ratio 1.62 (pyridoxine/placebo 95% CI 0.91-2.88, log-rank P ¼ 0.095).
DISCUSSION
Although not life threatening, HFS may give cause for capecitabine dose delay, reduction or discontinuation, with a theoretical concern regarding compromise of potential overall efficacy of the planned chemotherapy. The pathogenesis of HFS is not known, but has been variously treated with emollients, steroids and non-steroidal agents (Gressett et al, 2006; Zhang et al, 2012) . Because HFS resembles a rat disease, acrodynia, caused by pyridoxine deficiency, treatment with pyrodixine was proposed (Vukelja et al, 1989; Fabian et al, 1990) . A small randomised study of 26 patients reported amelioration of HFS with pyridoxine 100 mg daily compared with placebo in patients receiving continuous infusional 5-Fluorouracil (Beveridge et al, 1990) . Since then, two further randomised trials have been undertaken in SE Asian populations only. The first study of 389 patients reported that pyridoxine taken at 200 mg daily did not prevent HFS compared with placebo (Kang et al, 2010) . The second smaller study of 56 patients compared 200 vs 400 mg concomitant pyridoxine and reported a trend in favour of improved HFS incidence and time to event with the higher pyridoxine dose (Chalermchai et al, 2010) . In this UK study, 150 mg daily pyridoxine appeared to reduce the incidence of grade 3/4 HFS and the need for capecitabine dose modifications, although this did not translate into an improvement in outcome from chemotherapy itself: the trend towards poorer PFS in the pyridoxine arm was not statistically significant. It was not possible to detect any significant change in overall or specific elements of patient quality of life, using the QLQ-C30 instrument and the disease-specific modules.
Whether pyridoxine might in fact negatively influence chemotherapy efficacy is intriguing, although not conclusive. In their study of 200 vs 400 mg concomitant pyridoxine, Chalermchai et al (2010) reported significantly lower tumour responses to capecitabine at the higher pyridoxine dose level, whereas its use in advanced ovarian cancer was previously reported to reduce the duration of response to treatment with hexamethylamine plus cisplatin (Wiernik et al, 1992) . Pyridoxine has in the past been considered an inexpensive method of avoiding the need to reduce capecitabine dosing. Pyridoxine has in the past been considered an inexpensive method of avoiding the need to reduce capecitabine dosing. Based on the CAPP-IT study results, its use as routine prophylaxis of HFS is not recommended.
